We describe a procedure for preferential isolation of DNA fragments with G+C-rich portions. Such However, the level of denaturant at which a molecule is retarded depends on the least stable portion of the molecule, while the rate of strand dissociation is controlled largely by the stability of the remaining helix. On prolonged exposure to the electric field, the band of retarded molecules will fade away through dissociation, unless the stability of the unmelted portion is much higher than that of the melted part.
Detection of anonymous genes within a large region of unsequenced DNA can be difficult. After chromosomal loci for human genes of unknown sequence are determined by low resolution methods, such as linkage analysis and deletion mapping, it is appropriate to examine yeast artificial chromosome, P1, or cosmid clones encompassing the region of interest for candidate genes.
There are three major approaches toward recognition of genes: exon trapping (1, 2) , cDNA selection (3, 4) , and the identification of CpG islands. A CpG island is a relatively short stretch of a G+C-rich region (up to about 2 kb) in which the frequency of nonmethylated CpG dinucleotides is substantially higher than elsewhere in genomic DNA (5) . Almost all housekeeping genes and many genes expressed in specific tissues (tissue-specific genes) have a CpG island at the 5' end (6, 7) . Since CpG islands are closely associated with genes, their identification is a useful step toward the isolation of genes (8) .
CpG islands are usually identified as sequences containing clusters of recognition sites for certain restriction endonucleases; the clusters themselves are spaced at long distances, typically tens of kilobases. This pattern of site distribution was first recognized with Hpa II (CCGG) (5) , which produced Hpa II tiny fragments from the sequences within islands, hence the earlier terminology, HTF islands. Rare cutters, such as BssHII
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(GCGCGC), Eag I (CGGCCG), and Sac II (CCGCGG), are particularly useful for island identification (8, 9) . Detection of a single rare-cutter site is often sufficient to identify a gene sequence (10) , and the presence of a BstUI site (CGCG) is suggestive (11) .
Denaturing gradient gel electrophoresis (DGGE) provides a means for separating DNA molecules on the basis of local variation in base composition within the DNA fragments. It is effective where part of the molecule is relatively dense in G+C pairs. The separation depends on the pronounced drop in electrophoretic mobility in polyacrylamide gels that occurs when part of a DNA molecule melts, forming a structure that is partly helical and partly random chain (12) . The low residual mobility restricts migration into more strongly denaturing regions of the gradient and results in a relatively stable band pattern. The same conditions that effect retardation also tend to increase the rate of complete dissociation of the strands.
However, the level of denaturant at which a molecule is retarded depends on the least stable portion of the molecule, while the rate of strand dissociation is controlled largely by the stability of the remaining helix. On prolonged exposure to the electric field, the band of retarded molecules will fade away through dissociation, unless the stability of the unmelted portion is much higher than that of the melted part.
The low-stability portion affects retardation at a denaturant concentration in the gradient determined by the sequence of that portion alone. Although equilibrium continues to favor helicity over strand separation in the remaining G+C-rich portion of the molecule, continuous electrophoretic transport of the small amount of dissociated strands away from the band will result in its slow disappearance. It tTo whom reprint requests should be addressed. §The sequences reported in this paper have been deposited in the GenBank data base (accession nos. D31740-D31759). Theoretical Calculations. Calculations on the distribution of thermal stability in DNA molecules, the progression of melting, and its relation to DGGE were carried out using programs based on the Poland-Fixman-Freire algorithms, similar to MELT, as described (16) .
Northern and Southern Analyses. Human multiple tissue Northern blots (Clontech) were hybridized with 32P-labeled probes. Hybridization and washing were carried out by following the supplier's recommendation. Southern analysis was carried out similarly as described (17) .
Nucleotide Sequence Analysis. About (GATC) or Rsa I (GTAC) appear relatively frequently in some CpG islands, and digestion yielded island fragments too short to be retained selectively.
Each digest was electrophoresed through a denaturing gradient gel with a broad set of run times. With ECGF fragments, only one band with reduced mobility was retained after 12 h (Fig. 1A) . This band was found to contain two fragments. Fragment 1-1 (862 bp) was found to contain exon 1 and flanking sequence on both sides making up a large part of the CpG island, as indicated by rare-cutter sites (Fig. 2) . The other fragment, fragment 1-2 (990 bp), contained exons 8-10 (Fig. 2) . The fragmentation pattern with rare-cutters suggests that fragment 1-2, from the 3' region, represents a second CpG island sequence.
Restriction enzyme digests of DNA fragments encompassing FOS, HRAS, MYC, MYCN, and 28S ribosomal RNA genes were similarly analyzed ( Fig. 1 B-F) . Single fragments were recovered from FOS, HRAS, and MYC, which were derived from regions predicted to be CpG islands by rare-cutter sites. Two MYCN fragments were retained, one ofwhich was derived from a predicted CpG island (fragment 6). In the case of the 28S ribosomal RNA gene, at least five fragments were retained, reflecting a high overall G+C-density.
Fragments that were retained through an initial 12-h run were retained after an additional 12-h run with the exception of fragment 4 Fig. 1 and Table 3 . Pairs of different DNA fragments which appeared in the same band in Fig. 1 are discriminated by numbers after a dash.
DNA sequencing showed that nine of the single-copy fragments carried G+C-rich regions (TSR in Table 2 ), and one TSR-carrying fragment was derived from a highly repetitive sequence. All single-copy fragments hybridized with human DNA (data not shown).
Northern hybridization was carried out in a search of transcribed sequences to test the hypothesis that retained fragments are associated with expressed genes (Fig. 5) Application of the procedure to five genes coding for known proteins resulted in 16 retarded bands in denaturing gradient gels (Table 3) . Of these, seven were retained after a 12-h electric field exposure, and only one of the seven failed to contain a restriction site characteristic of CpG islands.
To examine the generality of these observations and to predict application to other sequences, we have attempted to relate the observed properties to formal melting theory.
Retention of a molecule in a band at its retardation level will depend on the rate of strand dissociation at that equivalent temperature. Lacking a rigorous theory concerning the disso- ciation rate at temperatures lower than those sufficient to melt the entire molecule, we have followed a heuristic assumption that a quantity resembling an activation pertains to the rate of separation and unzipping of each remaining helical base pair. That quantity is taken to be proportional to the difference between the temperature of the retardation level, tret, and the tm(i) of each residually helical pair, i, as given by the melting map (Fig. 6) Table 2 , we note that most fragments containing BstUI sites also carry a TSR. It is clear from Table 2 that the TSR is not a predictor of gradient retention.
A method depending on binding to a specific nuclear protein (11) 
